\ 



document 

24 



resume 



SE 005 582 



ED 023 606 

By -Richardson, Jesse O. . D . 

Teaching Mathematics Through the use of a Time -Shared Computer . Final Report. 

Massachusetts State Dept. of Education, Boston. 

Spons Agency -Of fice of Education (DHEW), Washington, DC. Bureau of Research. 

Report No-CRP -H *212 
Bureau No-BR -5-0311 
Pub Date Mar 68 
Contract -OEC -5-10 -320 
Note-224p. 

Descnpt^s -^^er^ On^ed Programs, Computers,, Curncul ^ 
Mathematics, ♦Wruction, -Mathematics, Program Development -Secondary School Mat ^* at,cs f 

Reported is a project designed to use the computer as the ba.is o 
laboratory approach to the presentation of mathematics. Classroom instruction wo- 
auqmented by P student experiments in devising and testing mathematical a ]9 or i t ^ s 
the computer Research procedures for grades 6 through 12 focused or, the fo«owmg 
kinds of problems- (1) programming a time-shared computer to serve as a useful tool 
for teach^fmTthemat^s 9 C2) teaching classroom teachers the necessary techniques 
for usinq this tool successfully. (5) developing multiple-user computers on a 
economical basis for school use. and (4) augmenting the mat_hemalx;s cumcdum to 
make effective use of the computer as a tool for classroom in=truct»n. The re ea 
revealed that it is possible to construct programming languages that can be 
effectively taught to elementary school children. Children are easily motivated to write 
programs^ at consoles, and programming work can facilitate the ^ u ' 3 ' '^ ° f f '^ ctlon 
thinknq and expression. Such mathematical concepts as variable, equation, fu c 
and algorithm can be presented with clarity in the context of programming. (RP) 



( 




Wt jr-as// 



Final Report 

Project No. 5-0311 (H-212) 
Contract No. OE-5-10-320 










TEACHING MATHEMATICS THROUGH THE 
USE OF A TIME-SHARED COMPUTER 



! U. s7 DEPARTMENT OF HEALTH, EDUCATION & WELFARE 

! OFFICE OF EDUCATION 

I 

: THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE 
; PERSON OR ORGANIZATION ORIGINATING IT. POINTS OF VIEW OR OPINIONS 
i STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION 
I POSITION OR POLICY. 



March 1968 





W 

1mm 

1 <A 1 






D 





U. S. -DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 

Office of Education 
Bureau of Research 






2.0 






Final Report 

Project No. 5-0311 (H-212) 
Contract No. OE-5-10-320 



TEACHING MATHEMATICS THROUGH THE 
USE OF A TIME-SHARED COMPUTER 



Jesse 0. Richardson 

Commonwealth of Massachusetts 
Department of Education 

Boston, Massachusetts 



March 1968 



The research reported herein was’ performed pursuant to 
a contract with the Office of Education, U. S. Depart- 
ment of Health, Education, and Welfare. Contractors 
undertaking such projects under Government sponsorship 
are encouraged to express freely their professional 
judgment in the conduct of the project. Points of view 
or opinions stated do not, therefore, necessarily rep- 
resent official Office of Education position or policy. 



U. S. DEPARTMENT OP 
HEALTH, EDUCATION, AND WELFARE 

Office of Education 
Bureau of Research 



o 

ERIC 



i 



II. Assigned Problems and Demonstrations used as a 

Supplement to Instruction 

A. Sixth Grade Problems 

B. Ninth and Tenth Grade Problems 

C. Eleventh and Twelfth Grade Problems 

III. A. Examples of Independent Student Projects 
3. Program Library Listings 

IV. Early Ramifications of Project H-212 

A. Project Visitations 

B. Dissemination of Information 

C. Outgrowths of Project H-212 

V. Description of TELCOMP Programing Language 

VT. A. List of Participating Schools 

B. Map of School Locations and Computer Facility 

VTI. List of Advisory Board 

VIII. List of Consultants 



iii 




A-2-i 

A-2-2 

A-2-18 

A-2-33 

A-3-1 

A-3- 

A-4-1 

A-4-2 

A-4-3 

A-IJ-4 

A-5-1 

A-6-2 

A-6-5 

A-8-1 

A-8-1 



3.1 ACKNOWLEDGEMENTS 



This report of the research program conducted under 
Curriculum Improvement Project 5-0311 (H-212), was 
prepared as a joint effort of the Massachusetts 
Department of Education and Bolt Beranek and Newman, 
Inc., (BBN), of Cambridge, Massachusetts. 

The remote terminals used In the participating schools, 
the multiple-user realrime, computer facilities and 
associated software were provided for Project H-212 
by BBN, which furnished consultative and staff services 
in scientific collaboration with'-, the Massachusetts 
Department of Education. 

Mr. Wallace Peurzelg, Director of the Educational 
Technoloty Division for BBN, and technical coordinator 
for Project H-212, provided major assistance in the 
compilation of the body of the report and related 
documentation of project activities. 



4 . 0 SUMMARY 



The design of Project H-212 envisaged making use of 
the computer as the basis for a laboratory approach 
to the presentation of mathematics. Classroom 
instruction was to be augmented by student experiments 
in devising and testing mathematical algorithms on 
the computer. The following problems were identified 
for investigation at grades 6 through 12: 

1. how can a time-shared computer be programmed as 
a useful tool for teaching mathematics 

2. how can classroom teachers be taught the necessary 
techniques to enable them to use this tool successfully 

3. how can multiple-user computer facilities be 
developed on an economically feasible basis for school 
use 

4. how can the mathematics curriculum best be 
augmented to make effective use of the computer as a 
tool for classroom instruction 

The students participating in Project H-212 were 
taught to program a computer — or, more precisely, to 
write programs in a particular programming language. 

The primary goal was not to impart facility in program- 
ming for its own sake, but rather to exploit it for the 
presentation of mathematical ideas through classroom 
instruction and individual student laboratory work. 

The work performed in Project H-212 sought to show that the 
teaching of the set of concepts related to computing, ^prog- 
ramming, and information processing could be used to facilitate 
and enhance the presentation of standard school mathematical 
curricular material, including arithmetic, algebra, and 
elementary calculus. Two new technological developments 
contributed significantly to the project effort. New 
mathematical languages had been developed to make computer 
programming very much easier to learn and to use in 
mathematical work. Also, time-shared multi-access computer 
systems with remote communication consoles were available, 
making the widespread use of computers in schools economically 
feasible. Prom the work carried out by the project at 
grades 6 through 12, the following conclusions are 
drawn : 



(1) It is possible to construct programming languages of 
great expressive power yet so simple to learn that they can 
be effectively taught to elementary school children. 

( ) Children are easily motivated to write programs at • 
computer consoles. This, kind of mathematical activity is 
immensely enjoyable to children generally * including those 
not in the top levels of mathematical ability. 

(3) Programming work facilitates the acquisition of rigor- 
ous thinking and expression. Children impose the need for 
precision on themselves through attempting to make the com- 
puter understand and perform their algorithms. 

(4) A series -of key mathematical concepts such as variable, 
equation, function, and algorithm, can be presented with 
exceptional clarity in the context of programming. 

(5) The use of a programming language effectively provides 
a working vocabulary, an experimental approach, and a set of 
experiences for discussing mathematics. Mathematical dis- 
cussion among high school students, relatively rare in the 
conventional classroom, was commonplace in this laboratory 
setting. 

(6) Computers and programming languages can be readily used 
in either of two ways in the mathematics classroom, 

(a) By individual students for independent study on 
extracurricular problems or special projects. 

(b) As a laboratory facility to supplement regular 
classroom lecture and discussion work. In this mode 
students are given assigned problems to work out 

at the computer. 

(7) A third way of using computers and programming, that 
might have radical implications for the presentation of 
mathematics, was uncovered — the concept of teaching program- 
ming languages as a conceptual and operational framework for 
the teaching of mathematics « 
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5.0 Introduction 

There are. at least two distinct kinds of innovation possible 
in mathematics curricula. The first of these has to do with 
the introduction of new mathematical content for its own sake; 
the second with improving the acquisition of mathematical 
thinking irrespective of the specific mathematical content • 

The two may, of course, overlap. Thus we might argue that 
it is a' good thing to teach elementary group theory in high 
school on the ground that the concept of group is so very 
important, not only in contemporary physics and contemporary 
mathematics but In many other disciplines influenced by con- 
temporary abstract mathematical thinking. Seen in this 
light, the teaching of groups is an innovation of the first 
kind. On the other hand, it might also be argued tha / teach- 
ing group theory is a better way of leading students towards 
a mathematical way of thinking than teaching trigonometry. 

If we stress this aspect, we are presenting it as an innova- 
tion of the second kind. 

The teaching of the set of concepts related to computing, 
programming, and information processing could easily be sup- 
ported by arguments of the first kind. Indeed, the intro- 
duction of an elective class in computing in the eleventh or 
twelfth grades for students with special mathematical ability 
and interest is no longer unusual. Our intention in the work 
performed in Curriculum Improvement Project H-212, however, 
was of the other sort: we sought to show that these concepts 

could be used to facilitate and enhance the presentation of 
standard school mathematical material including arithmetic, 
algebra, and elementary calculus. 

The use of computers to administer programmed drills and 
lessons (this is usually what is meant by computer-assisted 
instruction) has been under investigation in mathematical 
applications for some years. In this mode of use, though 
the student uses a computer, he needs to know no more about 
programming than the television viewer does about electronics. 
The approach to using computers taken in Project H-212 was 
very different . 

Two technological developments successfully demonstrated 
during 1‘962-196J} were instrumental in enabling the work done 
in this project. New mathematical languages were developed 
to make computer programming very much easier to learn and 
to use in mathematical work. Also, time-shared multi-access 
computer systems with remote communication . consoles were 
realized, making the widespread use of computers in schools 
an economically feasible prospect. We realized that the new 
languages could readily be adapted for use by students, in- 
cluding even elementary school children. We believed that 
teaching students to program problems on a computer ^ could 
could provide a means for elucidating the issues which cause 
the greatest difficulties for students of school mathematics. 



Specifically, we envisaged using the computer as the basis 
for a laboratory approach to the presentation of mathematics. 
The classroom lecture and discussion would be augmented by 
student experiments in devising and testing mathematical 
algorithms on the computer. In working toward the elabora- 
tion of this idea, we defined the following problems: 

1. how' can a time-shared computer be programmed as a useful 
tool for teaching mathematics 

2. how can classroom teachers be taught the necessary tech- 
niques to enable them to use this tool successfully 

3. how can multiple-user computer facilities be developed 
on an economically feasible basis for school use 

4. how can the mathematics curriculum best be augmented to 
make effective use of the computer as a tool for classroom 
instruction. 

The students participating in Project H-212 were taught to 
program a computer — or, more precisely, to write programs in 
a particular 'programming language . The primary goal was not 
to impart facility in programming for its own sake, but 
rather to exploit it for the presentation cf mathematical 
Ideas through classroom instruction and individual student 
laboratory work. 

The use of one of those objects known as an algorithmic pro- 
gramming language can be seen in a dual aspect. On the one 
hand. It is an Instrument for controlling a computer. On 
the other hand, it is a formal system specially designed for 
the expression of algorithms. Our conceptual emphasis is on 
the latter aspect but we can exploit the former to concretize 
and motivate ideas which to a young mind might seem highly 
abstract and difficult. There are several ways in which the 
use of programming languages on computers appeared valuable 
in this connection. 

1) A major obstacle to learning mathematics is the diffi- 
culty. in understanding and seeing the necessity for the 
notion of precise formal literal statement. Up to the time 
of the initiation into mathematical work, the only mode of 
expression that children have known is one that presupposes 
a listener who is able to make reasonable interpretations 
of what they say. For the first time they are asked to 
adopt a ‘language which expresses exactly what they say and 
not merely something which a reasonable person would under- 
stand; it is not surprising that they resist. The value of 
rigor In mathematical thinking needs no justification here. 

In this context the literal-mindedness of. computers becomes 
a virtue. To learn to use a computer is to learn to express 
oneself with precision. 



2) Intimately related to the notion of precise formal ex- 
pression -is. ..the cluster of notions including formal implica- 
tion, formal demonstration, algorithmic manipulation of 
rules, etc. It is notoriously difficult for children, and 
even for nonmathematical adults, to understand clearly the 
idea of passing from a given set of premises to a given 
conclusion using only a limited, precisely-stated set of 
rules (as distinct from merely justifying the conclusion 
using other tacit premises and other tacit rules of infer- 
ence). Students see the issue in a more concrete and in a 
more personal way through attempting to make the computer 
draw the conclusion than they do ‘by being forced into making 
explicit steps of their reasoning, the rules used, and so on. 

3) A number of relations (such as that of variable to value, 
of name to thing named, of equation to solution, etc.) ac- 
quire a vivid directness in the context of computer opera- 
tion. Some modern teachers of mathematics try to render 
these abstract relations material by such devices as think- 
ing of the variable "x" in classical algebra as a box in 
which a number can be placed or written, or as a slate on 
which it can be drawn. The use of the computer not only 
goes much farther in this direction, but does so in a way 
that permits more sophisticated manipulations than can be 
carried out in a natural way on boxes and slates. 

*0 Many children do not understand how to pass from an 
English description of a relation or procedure or problem to 
a symbolic representation of the same thing. This difficulty 
is dramatically manifested when they are confronted with 
problems (such as algebra word problems) that do not have 
obvious mechanical solutions. An understanding of symbolic 
representation can be developed easily and naturally through 
the use of computers. The activity of programming provides 
a natural context for describing mathematical objects and 
processes . 

5) The concept of program leads very naturally to a greater 
unity in the notion of algorithm.' A formula • ttR 2 , or 1/2 BxH 
is an algorithm, and writing a program to compute the area 
of a circle or a triangle is in some sense much the same 
thing as writing down a formula to express the same computa- 
tion. But. not all algorithms used in elementary algebra are 
formulae in this sense. Thus, finding the solution to an 
equation by what is called trial and error, or by systematic 
search, or trying to factor a polynomial by some kind of 
trial and search procedure "does not always appear to students 
as algorithmic, even when it is. Writing a program to carry 
out operations of this sort unifies algorithmic processes 
under one concept and shows concretely that they are not 
algorithmic when they are not. 



6) A large part of learning mathematics comes from doing 
mathematics. When students are frustrated by a problem, a 
concept, or 'an algorithm, they should be encouraged to oper- 
ate with it so as to better understand and express their 
difficulties. An algorithm, when represented as a program 
on a computer, becomes accessible to students, even when 
they don’t fully understand it. Programs are responsive 
objects. They can be "run"; they can be tested; they can be 
"fixed" ; they can be simplified, extended, or otherwise 
modified. Students readily learn how to check and revise 
programs. In so doing they gain skill and confidence in 
their ability to do mathematics. 



6.0 Methods 

The project 'was planned to be conducted in three phases: 

1. An in-school pilot phase during the spring of 1965 to 
install and test equipment, to familiarize participating 
teachers with the use of the programming language and the 
operation of the computing system, to carry out limited 
teaching experiments, to design tentative instructional 
materials and procedures, and to establish evaluation 
procedures. 

2. A summer study s ession involving educators and members 
of the project advisory board, to report on results of the 
pilot phase, to provide training for additional teachers 
involved in the program, and to review and improve the 
curriculum materials for the third.'phase . 

3. The experimental phase to be conducted during the 1965- 
1966 school year. A detailed two-way experimental design 
with extensive pre-test and post-test measures was planned. 

The experimental phase was to be carried out in five schools 
with students at three grade levels - 6, 9, and 11. The 
computer was to serve the students as a mathematics labora- 
tory facility in the following fashion. A mathematics 
student, sitting in a classroom or a laboratory, works di- 
rectly at a teletypewriter that is connected, through tele- 
phone lines, to a digital computer located several miles 
away. Simultaneously, other students in other schools are 
using teletypewriters connected to the same computer. The 
students, using a programming language, attempt to solve 
mathematical problems represented as programs. The labora- 
tory work was to be coordinated with the classroom lecture 
and discussion. 

We planned to demonstrate the economic feasibility of such 
time-sharing techniques for use in supplementing the presen- 
tation of school mathematics. We planned also to test 
experimental hypotheses to the effect that the use of an 
appropriate programming language on a time-shared computer 






* 



would show marked motivational and conceptual benefits in 
the performance of mathematics students. 

The project was actually initiated in June 1965. Thus^ the 
pilot phase activities, scheduled for the spring of 1965 3 
had to be incorporated for the most part in the six-week 
summer study phase. This shift resulted in a severe reduc- 
tion in the time available for designing curriculum materials 
and instructional procedures. Consequently, the controlled 
experiment planned for the third phase could not be conduct- 
ed. Instead, we designed a series of methodological explo- 
rations at each of the participating schools, to investigate 
different modes of incorporating programming and computation 
concepts into the mathematics curriculum. The project activ- 
ities, as implemented, are described in the remainder of 
this section. A detailed project history, including a de- 
scription of the original experimental design and the admin- 
istrative arrangements, is attached as Appendix 1. 
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6.1- Summer Study 

The summer study phase was conducted during a six- 
week interval in June and July, 1965. The firm of 
Bolt, Beranek, and Newman, Inc., (BBN) was desig- 
nated by the Massachusetts Department of Education 
as a subcontractor to provide the computer facilities 
used during the summer study and the subsequent 
experimental phase. BBN provided the personnel and 
classroom facilities for training the participating 
teachers in programming. BBN also provided con- 
sultative services in the use of computers in mathe- 
matics education. 

The notion of teaching a simple programming language 
to students, and of using this process as the basis 
for a mathematical laboratory to augment mathematics 
instruction was conceived by the project personnel 
just prior to the summer study phase. The program- 
ming language chosen, TELCOMP, is described in Section 
6,2.1 and in Appendix V. The 16 school systems and 
27 mathematics teachers participating In the summer 
study are listed in Appendix VI. 

About half of the study phase was spent in training 
the teachers to the point of imparting fluency in 
the use of TELCOMP^* This training was done through 
lecture, discussion, and demonstration supplemented 
by considerable programming work at the computer 
terminals. The practical phase of the instruction 
was carried out in groups composed of four or five 
teachers, working together on assigned programming 
problems. 

The last part of the summer study was dedicated to 
planning the various ways in which the separate 
schools expected to use TELCOMP to augment mathema- 
tics instruction during the upcoming academic year. 
Mainly this involved designing mathematics problems 
and associated TELCOMP programs, to be assigned to 
students or to be used as demonstrations. This 
work was done :in teams representing the grade levels 
primarily involved - 6, 9* and 11 - and in part by 
individual school teams comprising the teachers in 
the same school or school system, to take into ac- 
count the various aspects of their individual mathe- 
matics curricula, 

*# Copyright, Bolt Beranek and Newman, Inc. 
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The 9th grade and 11th grade mathematics classes were, 
in most cases, courses in contemporary Algebra I and II, 
respectively. In order to provide the reader with infor- 
mation concerning the topics covered, we next list the out 
lines of topics covered by these courses, and for a 6th 
grade elementary mathematics program for one of the parti- 
cipating schools. Problems associated with the majority 
of the topics listed were treated through the use of the 
computer. 



6.1.1 Outline of 6th Grade Course ‘Topics In Mathematics; 
Belmont Public Schools - 1965 « 

I. Place Values and Number Bases 

, II, Whole Numbers 

A. Concepts and relationships between operations 

B. Basic Principles 

C. Function concept- Including composite func- 
tion 

III. Computing 

IV. Number Theory * 

A. Factors and Factor Trees 

B. Multiples 

C. Prime numbers and prime factorization 

Dl Greatest common factor and least common 
multiple 

V. Fractions and Rationals 

A. Number Pairs 

B. Number Lines 

C. Problems 

* * 

D. 'Multiplication and Division 

E. Multiplication and Division in decimal 
notation 

VI. Geometry 

A. Introduction to abstract nature of geometry 
B-. Congruence of segments, angles, and triangles 
C. Properties of congruent triangle 
. D. Parallel lines and parallelograms 
E. Concept of space geometry 

. 11 
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VII, "Ratio 

VIII, Decimals 

IX, Percent 

X, . Integers 

A, Negative Integers 

B, Basic Operations 

XI , Graphing 

A, Number Line 

B, Coordinate System 

C, Graphs of functions 

XII, Measurement 

A, Length and perimeter 
4 « 

B, Area and surface area 

C, Volume 

D, Angles 

E, Scale drawings 

P, Area of triangles 

G, Pythagorian Theorem 

H, Metric System 

I, Circumference of a circle 

J, Area of Circle 
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6.1.2 Outline of 9th Grade Algebra I Course Topics 
at Phillips Academy - 1965 * — 

PALL TERM : 

1. Use of letters for numbers, translations from 
English to Algebra 

2». Formulas, Equations, Word problems with Positive 
Rationals 

3* Number Theory - odd-even, divisibility-primality 

4. Axioms for Positive Rationals 

* 

5. Negative Numbers 

♦ 

a) Elementary operations 

b) Distributive axiom - parentheses 

c) Equations & Word Problems 

• m 

d) Axioms, some elementary theorems 

6. Polynomials in one variable 

a) Elementary operations, Exponentiation 

b) Factoring 

7* Polynomials in two variables 

a) Elementary operations. Exponentiation 

b) Factoring 

• * 

WINTER TERM 

1. Sets - examples, intersection, union 

2. Real Numbers - decimal representation, approxi- 
mations 

, «• 

3. Graphs 

a) Linear Equations - point-slope, two-point 
• * 

b) Linear inequalities 

.. ■ „ 
o 
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4 . "Systems of equations - two and three 
S PRING TERM 

1. Algebraic fractions 

a) Elementary operations 

b) Equations, inequalities, word problems 

* 

2. Radicals 

a) Definition, theorems 

b) Manipulation using arithmetic operations 

3. Quadratics 

a) Equations, word problems 

b) Inequalities 

4. Trigonometric ratios 
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6.1.3 Outline of 11th Grade Mathematics Curriculum; 
Westwood High School - 19657" 



I.- 


Sets of Numbers - Axioms for real numbers 


II. 


Open sentences' In one variable 


III. 


Systems of linear open sentences: 
Linear equations and their graphs 
Linear inequalities 


IV. 


Polynomials and factoring 


V. 

4 


Rational numbers and expressions: 
Laws of exponents 
Operations with fractions 
Decimals, scientific notation 

4 


• VI. 


.Relations and functions: 

Linear functions and relations 
Quadratic functions and relations 


VII. 


Irrational numbers and quadratic equations : 

Real roots of real numbers 

Radicals 


VIII. 


Quadratic relations and systems: 
Coordinates and distance In a plane 
Graphing quadratic relations 
Quadratic systems 


IX. 


Exponential functions and logarithms 


X. 


Trigonometric functions and complex numbers 


XI. 


Trigonometric identities and formulas: 
Identities involving one angle 
Identities Involving two angles 
Triangle applications 


XXI. 


Circular functions and their inverses: 
Variations and graphs 
Inverse functions and graphs 
Open sentences 



XIII. Progressions and binomial expansions 



XIV. 


Polynomial functions: 

Polynomial functions over complex numbers 
Polynomials with real coefficients 


XV. 


Matrices and determinants 


XVI. 

• 


Permutations, combinations, and probability 
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6.1.4 Planning Computer Programs for the Experimental Phase 



Several hundred specific examples of computer pro- 
grams for use with these topics were developed during 
.the summer study. To illustrate the variety of these 
examples we list some of the programs written by one 
of the study groups - that concerned with the 11th 
grade (Algebra II) curriculum. We include lists of 
programs designed as classroom demonstrations, as 
well as those to be written by students as assigned 
problems. The rationale of the members of this study 
group is as follows: 

"This is a group of programs which will be 
used in the teaching and learning of the 
material ordinarily considered as Algebra II. 
These programs are of two types: (1) for 
demonstration use by teachers, and (2) for 
assignment to students." 

"The teacher demonstration programs have- been 
included for a number of reasons. First, 
much class time which would otherwise be 
' spent at the blackboard could be saved when 
proper programs are available. For example, 
a demonstration which can show the _y value 
of a hyperbola and Its asymptote for a se- 
quence of Increasing values of is often 
attempted by teachers. The arithmetic be- 
comes involved, time is consumed, and errors 
frequently occur. One small error can destroy 
the whole effect as well as waste time. 
Therefore, we feel that conclusions can be 
drawn not only in less time but with the 
greater force which guaranteed accuracy will 
Insure. Also, such a program can be made ( 
available to students to assist in assignments. 
They will thus be able to perform relatively 
long calculations without becoming involved 
In tedious manipulations. Homework is almost 
always designed to illustrate one or more points 
which the teacher perceives as useful to a 
basic understanding. With -the .aid of the com* 
puter more illustrative problems can be per- 
formed. Moreover, the example assigned can be 
realistic since we would no longer be bound to 
the standard textbook examples." 



"Perhaps an even more important, though less 

•-tangible, reason for such programs is the 
stimulation of the student’s curiosity. If 
he has a fairly. powerful program on such a 
topic as quadratic equations, it is not un- 
reasonable to hope that he will be motivated 
to experiment with different co-efficients to 
determine their effect on the roots, axis of 
symmetry or extreme point. Although this 
might not be a universal outcome, some students 
will be able to learn by discovery.” 

’’The teacher demonstration programs consist 
of a high degree of mechanical difficulty. 

We wish to avoid as much as possible the in- 
trusion of programming per se on the mathe- 
matical content of the course. V/e believe 
that pre-programmed teacher demonstrations 
will allow the students to concentrate on 
mathematical concepts." 

’Most students will accept more readily ideas 
which have inductive support. Perhaps after 
deriving the equation of an ellipse from the 
focal radii definition, the concept can be 
reinforced if we consider various ellipses 
and actually show that the sums of the focal 
radii are equal. ” 

’’Also appended is a list of topics which the 
students will program and execute. If the 
understanding of a process is involved, we 
feel that the student will strengthen his 
knowledge by actually writing the series of 
instructions for the computer. One example 
of such a process is finding a square root 
by Newton’s method. Usually we teach this 
by demonstrating the reasoning and then re- 
quiring the student to do a number of examples. 
A detrimental effect of this method is that 
in doing this work the understanding often be- 
comes obscured by the arithmetic. If the 
student is asked to prepare the appropriate 
series of instructions for a computer , he 
must master and organize the method in his 
mind . It is axiomatic* that one never learns 
a topic well until he teaches it; in this 
project we are asking the student to teach 

’ the computer. ” 
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"Another extremely Important advantage of stu- 
dent programming relates to the "general case". 
For example 3 one assignment might be to write 
a program which would solve two linear equations 
in two unknowns. The student program must 
allow for the dependent and inconsistent cases. 
This and other programs of a similar nature force 
the student to consider topics in a more general 
mode than he had been required to do previously." 



